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Abstract 
This study uses data collected from pole-mounted portable video recorders to shed light on delivery vehicle activities and their 
interactions and impacts on other stakeholders who share urban space. Data were collected at over 60 locations in the Chicago area 
in the summer of 2013. The overreaching aim of the study is to facilitate infrastructure design and management that can better 
accommodate delivery trucks and reduce conflicts with other road and sidewalk users. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
A study by Han et al (2005) estimated that illegal parking by pickup and delivery vehicles is the third leading cause 
of urban non-recurring congestion behind vehicular crushes and construction. With the backdrop of continuing trends 
of urbanization and growth in e-commerce, it is reasonable to expect conflicts involving pickup and delivery trucks 
will increase in urban areas. Unfortunately, not much is known about creating an urban environment that can reduce 
or manage such conflicts. Regulating truck access is the past and current tool of choice for most municipalities but 
such approach is not likely to produce best results because it fails to recognize the fact that trucks have very little 
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control over the timing or location of the pickup and delivery activities. Prohibition of trucks by route, zone, or time 
of day restrictions will likely to push problems to other areas or time periods and may be even counterproductive. 
Surprisingly, there have been very little research on the factors that affect the severity of conflicts involving delivery 
trucks.  A paper by Pivo (2002) studies street design features in Seattle based on the interviews of truck operators and 
observations to develop some recommendations for improvements. His effort, however, focused on improving truck 
operations and did not investigate the cause of truck-related congestion. Many cities have conducted urban freight 
studies that developed recommendations for improving truck operations and mitigating truck-related congestions, but 
they are based mainly on anecdotal information and transferability of the findings is uncertain. Also, they are often 
limited in scope and perspectives, and thus tend to overlook complex interactions between land use, streetscape, 
policies, and urban design. While field observations are invaluable for understanding such complex interactions, it is 
difficult to study sufficient number of locations in a consistent manner to conduct generalizable research. 
Availability of digital video cameras, especially portable units (an example of a pole-mount video camera unit is 
presented in Fig. 1) has introduced novel, often economical, way to collect information on traffic patterns and travel 
behavior (Antoniou et al 2011, Jackson et al, 2013, St-Aubin et al, 2013). While most of the applications of video 
recorded data in transport research have been in the areas of safety and traffic flow analysis, such technology provides 
an opportunity to collect data on truck activities that are not possible with the traditional methods relying on personal 
observations or surveys. The main objective of this study is to analyze delivery vehicle activities in various 
environments using video images recorded by pole-mounted cameras in the Chicago area. While the analysis results 
presented in this study are still exploratory in nature, they demonstrate the potential of video recordings as a powerful 
data collection tool that provides a consistent and in-depth examination of the interaction between built environment 
and truck behaviors. 
 
 
Fig. 1. An example of portable video camera for traffic data collection (Source: Miovision) 
2. Background 
Amid the increased attention on carbon emissions from transportation sources as well as declining automobile uses 
among the younger population, many US cities are finally committing to develop compact, multi-modal urban 
environment where cars and trucks are expected to share road spaces with transit vehicles and non-motorized travelers. 
To responds to such trend, the most recent revision to the venerable Highway Capacity Manual (HCM), long a 
reference for transportation facility planning and design, includes chapters that address multi-modal level of service 
analysis for urban corridors that facilitate a comparison of various design options to accommodate pedestrians, light 
rails, and bicyclists alongside automobiles (Ryus et al, 2011).    
   While a number of studies have been undertaken to address various issues associated with the interactions 
between passenger vehicles and non-motorized travelers (Peng et al, 2012 and Brosseau et al, 2013 are recent 
examples), the roles of trucks in urban environment have not been examined extensively. Kawamura et al (2014) 
studied the relationship between various built environment factors and the rates of parking citations given to trucks, 
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but they did not examine the effects of detailed features such as the availability and utilization of loading zones and 
curb spaces, physical barriers that interfere with loading/unloading activities, nor interaction between trucks and other 
vehicles or non-motorized travelers. 
It is generally understood, anecdotally, that a heavy presence of delivery vehicles can stress the urban street system. 
While the aforementioned HCM accounts for the effects of parking maneuvers and trucks in the traffic stream in the 
analysis of signalized intersections, it does not include specific analysis of parking maneuvers by trucks or illegal 
parking. Furthermore, the HCM method relies on simple factors to make adjustments for the prevailing carrying 
capacity of roadways or flow rate, and does not capture the actual impacts of truck delivery activities in an accurate 
manner. Microscopic simulation is a promising tool to analyze the interactions among vehicles and effects of 
unexpected or illegal movements. However, developing an accurate representation of an environment, e.g. an 
intersection, a road segment, etc., would require generalizable knowledge of truck behaviors such as the likelihood of 
illegal parking, truck trip generation rates, usage of loading zones, duration of parking, etc. To this end, video images 
provide useful platform to capture and analyze the behaviors of delivery trucks. 
3. Study approach 
The video recordings were carried out at a total of 63 locations in the Chicago area (shown in Fig. 2) between June 
and October of 2013. The locations to be video recorded were selected in the following manner. The initial set of 
candidate locations within the City of Chicago were selected based on land use, crime rate, income level, and street 
functional class. Areas with mixed residential/commercial or commercial land use were targeted. Some parts of 
Chicago are considered too dangerous to install and retrieve pole-mounted cameras due to the prevalence of street 
crimes. We consulted the crime data to exclude most dangerous areas. Both the areas with prevalently white-collar 
and blue-collar population are represented in the data base. Finally, only the arterials were included.  
From the database of the candidate locations (each data point representing a plot) that satisfied the abovementioned 
requirements, 60 locations were randomly selected as the final video-recording locations. At 15 of the locations, tree 
canopies obstructed line of sight or design of the light poles or utility poles were not amenable to mounting a camera. 
Subsequently, additional 15 locations were selected in the suburban neighborhoods that can be characterized as “transit 
oriented neighborhoods”. 
For each location, data on the built environment, including parking regulations, land use for each plot, parking 
spaces, NAICS (North American Industry Classification System) code (for businesses), number of housing units (for 
multi-unit buildings) were compiled. 
Video cameras were set up to capture curb-side activities along roads. Recordings started at 6am and continued till 
6pm. Picture quality is such that activities within approximately 30 meters from the camera could be observed 
accurately. Extracting data from video images requires significant amount of labor, but we found that fast forwarding 
at 300% speed allowed accurate observation of the events. We have extracted data from 25 locations, totaling 300 
hours of recordings, to date. 
4. Delivery activity patterns 
Following are some of the information obtained from the recordings at the 25 sites that have been analyzed to date. 
Some interesting observations can be made. Firstly, trucks engage in illegal parkings far more frequently than 
passenger vehicles. Trucks as a whole park illegally 28.7% of time compared against 3% for passenger vehicles.  
Furthermore, the share of illegal parkings increases as the vehicle becomes larger, indicating a lack of appropriate 
curb spaces for larger trucks. For heavy trucks, over one-third of observed parkings are illegal, while it is only 5.3% 
for passenger vehicles. The overall average durations of legal and illegal parking are 13.4 minutes and 8.0 minutes, 
respectively. Subsequently, in terms of the cumulative minutes of parked time, the share of illegal parking is only 
4.4%. However, for heavy trucks, the average durations for legal and illegal parkings are similar (9.4 minutes versus 
10.2 minutes), and thus the illegal parking’s share of the total parking duration is nearly one-third (32%). Overall, the 
pattern of illegal parking suggests that it becomes increasingly difficult to find spaces to park legally as the size of 
vehicle gets larger. This is not surprising, but it underscores the challenges that confront delivery trucks in the Chicago 
region. 
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Fig. 2. Locations for video recording (Source: Google Earth) 
Table 2 shows both the frequency and duration of observed truck parking activities by type. The figures show that 
of all the parkings recorded, only 27.6% in frequency and 31.1% in duration are associated with either freight delivery 
or service call. Surprisingly, nearly half of the parkings do not involve pick-up or drop-off of freight. Many of the 
“patron” stops for which the truck driver went into a store (without loading or unloading any cargo) seem to be related 
to truck driver’s personal needs such as purchasing food or taking care of personal business. About quarter (25.4%) in 
count and 20% in duration are attributed to the trucks simply waiting, presumably to make schedule adjustments or 
waiting for delivery time windows. The data on parking duration must be interpreted carefully due to the small sample 
size, but the longer length of service calls compared against other types of stops make intuitive sense. However, 
service-related parkings constitute surprisingly small proportion of the total duration of parking, only 6.5%. Not 
surprisingly, parcel delivery stops are the shortest, taking less than 4 minutes on average.  As such, parcel deliveries 
contributes very little to the total duration of parkings in the data set. 
Table 3 breaks down the proportions of illegal parkings, in both counts and cumulative durations, by activity types. 
The percentages show the shares of total parkings under each activity category that are illegal. Again, the sample size 
is quite small for some of the activity types, but 100% of food deliveries (total of 2 cases) are conducted while parking 
illegally. Even when food and beverage deliveries are combined (total of 5 cases), 60% involve trucks that are illegally 
parked. This is probably due to the characteristics of the areas where restaurants are located, i.e. activity centers with 
high traffic. Forty percent of parcel deliveries are carried out while parked illegally. Not surprisingly, durations tend 
to be short when parked illegally, and thus they only constitute 26% of total parking duration associated with parcel 
deliveries. It should be noted that virtually all blocks of Chicago have alleyways, which are service roads that provide 
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access to the back of the buildings, and delivery trucks have an option to use them to make deliveries. However, as 
noted by Pivo (2002), commercial vehicles dislike using alleyways because of the extra time it takes and also for the 
fear of being blocked in by an illegally parked vehicle or another vehicle that come behind them into the alley. Thus, 
while alleyways serve valuable functions for garbage collection and residents of the block for accessing parking spaces 
in the back of the buildings, they do not alleviate the shortage of parking spaces for delivery trucks.  
Table 1. Legality of parking (25 locations – 300 hours)  
 Count Duration 
Vehicle Type Legal Illegal Total % Illegal 
Legal 
(avg. min) 
Illegal 
(avg. min) 
Total 
(avg. min) 
% Illegal 
(cum. min.) 
Passenger car 1657 93 1750 5.3% 14.0 7.6 13.6 3.0% 
Light Duty Truck 75 19 94 20.2% 13.2 7.9 12.1 13.2% 
Medium Duty Truck 89 24 113 21.2% 12.7 9.2 11.9 16.3% 
Heavy Duty Truck 17 9 26 34.6% 10.6 9.4 10.2 32.0% 
Grand Total 1838 145 1983 7.3% 13.9 8.0 13.4 4.4% 
Table 2. Breakdown of truck parking activities (25 locations – 300 hours). 
 
Pa
rc
el
 
M
er
ch
an
di
ze
 
E
qu
ip
m
en
t 
Fo
od
 
B
ev
er
ag
e 
Se
rv
ic
e 
N
o 
ac
tiv
ity
 
Pa
tr
on
 
U
ni
de
nt
if
ie
d 
go
od
s 
de
liv
er
y 
Count 5(2.2%) 0(0.0%) 0(0.0%) 2(0.9%) 3(1.3%) 7(3.0%) 59(25.4%) 109(47.0%) 47(20.3%) 
Cumulative duration 0.7% 0.0% 0.0% 0.6% 1.9% 6.5% 19.9% 48.9% 21.5% 
Avg. duration (min) 3.8 N/A N/A 8.5 17.0 25.4 9.3 12.3 12.5 
Table 3. Proportions of illegal truck parking by activity types (25 locations – 300 hours). 
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Count 40% 0% 0% 100% 33% 0% 11% 6% 27% 
Cumulative duration 26% 0% 0% 100% 12% 0% 12% 3% 25% 
5. Role of built environment – in-depth analysis 
In the next step, we further filtered the video recorded sites to a total of 11 locations for a more detailed analysis of 
the relationship between built environment and truck parking activities. The sites were selected based on the criteria 
that there are sufficient parking activities for passenger vehicles and trucks. Selected locations have at least 10 truck 
parkings and 50 automobile parkings recorded with an exception of the Church Street location in Evanston and the 
Halsted Street location in Chicago. Church street only has five truck parkings but has 127 automobile parkings. Halsted 
Street location has only 28 automobile parkings but has 18 truck parkings. These two locations are included in the in-
depth analysis because they provide unique insights into the dynamics behind truck parking behavior and the role that 
built environment plays. The analysis used the information collected as a part of video recordings as well as online 
resources and the review of video recordings to identify the factors that affect truck parking.  
As shown in Fig. 3, parking activities at these sites vary considerably. Especially, the proportions of illegal parking 
by trucks show a wide variation, ranging from 0% to nearly 50%. The shares of illegal parking for automobiles are 
considerably lower than that for trucks in general. However, at two locations, Clark and Halsted, shares of illegal 
parking by automobiles are greater than those for trucks. The Halsted location is also unique in that about 40% of all 
the parkings recorded are by trucks. Of the 11 sites, Lake, Church and Sherman are in the suburbs. They are all located 
in the neighborhoods that can be considered Transit Oriented Development (TOD) with relatively high density, mixed 
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use development in the proximity of at least one rail transit station. Other 8 locations are all in the city of Chicago. All 
the Chicago sites are easily accessible from at least one train station.    
Table 4 lists some characteristics of the in-depth study locations. While the sample size is small and it is difficult 
to make generalization from this data set, worst sites, in terms of illegal parkings by trucks, lack loading zones and 
also have bike lanes. The relationship between the presence of loading zone and bike lane at the sites is not clear, but 
the pattern of truck parkings observed in the video recordings confirms the importance of the former in preventing 
illegal parking by trucks; thus it would be a concern if the implementation of bike lanes requires sacrificing loading 
zones in some locations. 
As many aspects of the built environment are quite different between the suburban and urban locations, not least of 
which is the availability of space, we analyzed them separately. We will begin the discussion of the analysis by 
comparing best sites, Lake, against worst sites, Sherman and Church, in suburban settings, followed by a similar 
comparison in urban settings. 
  
 
Fig. 3. Breakdown of parking activities for case study sites. 
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Table 4. Characteristics of in-depth analysis locations 
Location 
Count of 
parkings 
(auto/truck) 
Loading 
zone 
Parking meter No. Lanes Curb parking type 
Bike 
Lane 
Off street 
parking 
Bus 
stops 
Lake 125/12 Yes Yes 2 Striped parallel No Yes Yes 
Belmont 212/30 Yes Yes 2 Unstriped parallel No No Yes 
Clark 76/12 No Yes 2 Unstriped parallel No Yes Yes 
Jefferson 131/15 Yes No (no parking 
in the area) 
3 (one way) Unstriped parallel No Yes No 
Milwaukee 105/19 No No 4+1 Striped parallel Yes Yes No 
Clark (39) 65/11 Yes Yes 2 Striped parallel No Yes Yes 
Sherman 71/11 Yes Yes 2 Diagonal + striped 
parallel 
No No No 
Church 127/5 No Yes 2 (one way) Striped parallel Yes Yes No 
Halsted 28/18 No Yes on one side 2 Striped parallel Yes No Yes 
Clybourn 64/11 No No 2 Unstriped parallel Yes Yes No 
Jackson 98/15 No Yes 3 (one way) Striped parallel Yes No No 
5.1. Suburban sites 
The Lake site is located in the downtown of a city named Oak Park, which sits just west of Chicago. The site is 
near a busy transit station and forms a part of a retail district with mostly one-story storefronts. The development also 
includes a few 10-20 story residential buildings. Due to the heavy traffic and pedestrian volumes, Lake Street is 
consistently congested. Arguably, Lake is considered the most successful site in terms of managing parking as almost 
all recorded automobiles and trucks are parked legally. While Fig. 4 shows large parking lots in the upper left area, 
they are used by passenger vehicles, and commercial vehicles rarely, if ever, use the lot.         
There are two main reasons for the Lake site’s success in virtually eliminating illegal parking. First is the well-
situated loading zone that is long enough to accommodate a large truck or two smaller trucks (Fig. 5). The loading 
zone is heavily utilized, especially by all the parcel carriers since the collection boxes of all the major companies are 
located near the loading zone. Despite the large parking lots in the walking distance, there is a heavy demand for curb 
side parking and without the loading zone, illegal parkings by the delivery trucks would almost certainly increase. The 
second reason is in the design of the alleyways. As noted earlier, in most locations, especially in Chicago, delivery 
trucks avoid alleyways. However, in the case of the Lake site, it seems a large portion of trucks use alleyways to 
complete their deliveries. For example, at the video-recorded site on Lake Street adjacent to the one being discussed 
here, no truck parking was recorded presumably because all the deliveries were made using the alleyway through the 
backs of the buildings. There may be other reasons for the high usage of alleyways by trucks (e.g. level of enforcement), 
but a review of the design of the alleyways reveal that they have noticeably large turning radii and also curbs that are 
low or even flush with the pavement to accommodate both pedestrians (especially handicapped) and larger vehicles 
(Fig. 6). In addition, the alleyways are restricted to one-way traffic and allows trucks to go through to the opposite 
side of the block (the lines in Fig. 4 show the locations of two alleyways). The one-way restriction limits the need to 
make a turn in the alleyways and also reduce the risk of having to wait for the on-coming vehicle. In the case of Lake, 
alleyways offer the alternative routes to bypass often congested Lake Street. 
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Fig. 4. Aerial view of the Lake site with alleyways (source: Google.com) 
 
Fig. 5. Lake site (source: Google.com) 
 
127 Kazuya Kawamura and PS Sriraj /  Transportation Research Procedia  12 ( 2016 )  119 – 131 
 
Fig. 6. Alleyway access near the Lake site (Source: Google.com) 
Church and Sherman sites (Fig. 7) are located in Evanston, a city adjacent to Chicago to the north. Like the Lake 
site, both sites are located in a mixed-use neighborhood close to transit stations. While both sites experience almost 
no illegal parking by automobiles, 35% to 40% of trucks recorded at these sites are parked illegally. A review of both 
the data on illegal parkings by the trucks and recorded images reveal that all of the violations are committed by medium 
to large trucks. Also, it can be surmised from the low number of truck parkings in relation to the parkings by 
automobiles that a reasonable proportion of delivery trucks use the alleyways to access the loading docks. The 
entrances to the loading areas are marked on Fig. 7. At this location, the poor design of the alleyway entrance seems 
to be the major reason for the high rates of illegal truck parking. As shown in Fig. 8, it is impossible for large trucks 
to access the loading area located in the courtyard off Sherman Avenue (on the right side of Fig. 7). While there is a 
large loading zone across from the entrance, delivery trucks prefer to park in front of the entrance, blocking the access, 
while completing the deliveries. In fact, almost all the illegal truck parkings on Sherman Avenue are of such pattern. 
The diagonal parking stalls are not wide enough to accommodate many of the trucks. A very few trucks park on 
Church Street, shown on the upper part of Fig. 7, because there is no loading zone and parking demand from the 
passenger vehicles is high. Again, it seems the trucks are forced to park illegally on Church Street because they are 
not able to negotiate the narrow entrance to the alleyway. 
5.2. Urban sites 
In this section, we turn our attention to the urban sites. In terms of the share of illegal truck parking, worst three 
sites, Halsted, Clybourn, and Jackson are all urban sites, but with distinct characteristics. At Clybourn, a car repair 
shop that operates without a dedicated loading zone accounts for nearly all the illegally parked trucks. The Jackson 
site is located in a restaurant district (Greek Town), and the trucks making deliveries to the restaurants have virtually 
no option but to double park as there is no loading zone, and due to the high demand from the restaurant patrons and 
nearby businesses, parking space is extremely scarce. While at those two sites, illegal parking by the passenger 
vehicles are not a major issue, Halsted site is unique in that illegal parking by both trucks and passenger vehicles are 
quite common. The Halsted site is located near a big-box retail store that typically is not found in the urban core areas. 
While the store provides parking spaces and a loading area for their customers and suppliers, there seems to be a 
spillover in the nearby areas including the location that was video recorded. 
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Fig. 7. Aerial view of Church and Sherman sites (with loading area entrance) (Source:Google.com) 
 
 
Fig. 8. Alleyway entrances on Sherman Avenue and Church Street (Source: Google.com). 
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At all three sites, although it may not be overly effective in the Halsted, provision of loading zones will likely 
reduce illegal parking by the trucks significantly. The Belmont and Clark (39) sites are similar to the three 
abovementioned sites in land use and streetscape.  At the Belmont site, despite its location near a busy transit station 
that is surrounded by retail stores, restaurants, and even a hotel, less than 10% of trucks engage in illegal parking. At 
the Clark site, which is in the midst of high-rise condominiums and restaurants, the prevalence of parking violations 
by the passenger automobiles, at over 60%, suggests a situation similar to that at the Halsted site. However, the share 
of illegal parking by the trucks is around 27%, which is approximately the average for the 25 sites in the data set. 
Analysis of the video recordings suggests that a loading zone of approximately 15 meters, provided in one side of 
Clark Avenue, is sufficient to accommodate much of the demand for truck parking. At the Belmont site, two loading 
zones are provided with a no-parking tow zone in between. Also, one of the loading zones abuts a bus stop (Fig. 9).  
This design creates a continuous curb space exceeding 30 meters, which allows trucks to move in and out very quickly, 
and also, seems to discourage passenger vehicles to illegally occupy loading zones, a frequent occurrence in most 
sites.  While there may be other factors that distinguish these well-performing sites from three locations with truck 
parking problems, as far as our analysis of the video recordings can determine, these loading zones that are of sufficient 
lengths to accommodate most trucks, are the only explanation. 
 
 
Fig. 9. Belmont site (Source: Google.com). 
6. Conclusion 
In this study, we used pole-mounted cameras to record parking activities at various locations in Chicago and 
neighboring cities. The advantage of using recorded images as opposed to field observations is the accuracy and 
consistency of the interpretation of events that allows an in-depth review of each site. On the other hand, it requires 
significant resources to carry out the analysis of images in minute details. To address this issue, we first extracted 
sufficient information to identify the sites that, through in-depth analyses, are likely to provide insights into the 
management of truck parking. 
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From the initial analysis, we found answers to some of the issues that have attracted interests of researchers in the 
past. For example, our data shows that service-related truck parking constitutes a relatively minor portion of the truck 
parking overall (3% in number and 6.5% in cumulative duration). Also, parcel deliveries account for a surprisingly 
small share of total truck parking duration (0.7%).  As mentioned at the beginning of the paper, past research by Han 
et al. estimated the congestion caused by illegally parked (double parking to be specific) parcel delivery trucks to be 
considerable. If Han’s estimate is accurate, then the total impact of illegally parked trucks of all types will be 
unimaginable. It is certainly worthwhile to continue the research on the impacts of illegally parked truck to derive 
accurate estimate of the total impacts.   
In terms of effective strategies to create an environment that is friendly to trucks, we found that loading zones are 
the most effective tool. In Chicago, there is no clear criterion to provide a loading zone in a block or a storefront. A 
request by a business is the most common reason for the creation of a loading zone. We believe that proactive provision 
of loading zones using a set of criteria will immensely benefit the neighborhoods in Chicago. We also found that 
loading zones must be sufficiently long to accommodate all kinds of trucks. Although an overabundance of loading 
zones will reduce the parking capacity for the passenger vehicles and thus not desirable, negative consequences of 
underprovision should be studied to facilitate the development of a set of standards to guide the systematic 
implementation of loading zones.  
Another strategy to alleviate issues related to truck parking is to provide truck-friendly alleyways. Tight turning 
radii seem to discourage trucks, especially medium to large ones, from utilizing an alleyway to make deliveries. While 
some Complete Street designs encourage tight turning radii, it may be counterproductive if it forces trucks to engage 
in illegal parking. Also, alleyways should provide a through path to the other side of the block, so that trucks do not 
have to turn around. Finally, alleyways, especially the long ones, should have multiple exits in case one is blocked.  
In urban environment, it is often not possible to provide sufficient parking to accommodate all the needs. The 
findings from this research, while not surprising, is encouraging in that a relatively simple remedy, loading zones, can 
be quite effective in meeting trucks’ needs and reduce negative impacts of illegally parked trucks. At the same time, 
more research is needed to facilitate the deeper understanding of the design of loading zones and its use by the trucks. 
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